Background: The World Society of Emergency Surgery (WSES) spleen trauma classification meets the need of an evolution of the current anatomical spleen injury scale considering both the anatomical lesions and their physiologic effect. The aim of the present study is to evaluate the efficacy and trustfulness of the WSES classification as a tool in the decision-making process during spleen trauma management. Methods: Multicenter prospective observational study on adult patients with blunt splenic trauma managed between 2014 and 2016 in two Italian trauma centers (ASST Papa Giovanni XXIII in Bergamo and Sant'Anna University Hospital in Ferrara). Risk factors for operative management at the arrival of the patient and as a definitive treatment were analyzed. Moreover, the association between the different WSES grades of injury and the definitive management was analyzed. Results: One hundred twenty-four patients were included. At multivariate analysis, a WSES splenic injury grade IV is a risk factor for the operative management both at the arrival of the patients and as a definitive treatment. WSES splenic injury grade III is a risk factor for angioembolization. Conclusions: The WSES classification is a good and reliable tool in the decision-making process in splenic trauma management.
Introduction
The most commonly used classification of splenic trauma is the American Association for the Surgery of Trauma (AAST)-Organ Injury Severity Score (OIS). It was initially ideated to allow the comparison between different series of patients; then, it has been used as a classification system to drive treatment strategies. It is based on spleen lesion anatomy [1] . This scale was validated by several studies with large sample sizes [2] [3] [4] showing as both the management at the patient arrival (operative management (OM) vs non-operative management (NOM)), and the NOM failure rate was associated with the ASST lesion grade in patients with blunt splenic trauma. In fact, the anatomy of the lesions plays a fundamental role in determining the conditions of the patients. In some situations, however, patient conditions lead to an emergent transfer to the operating room (OR) without the opportunity to define the grade of splenic lesions before the surgical exploration. In these cases, the physiopathologic status of the patients leads the therapeutic decision, more than the anatomy of the splenic lesions. Moreover, there are patients with high-grade splenic lesions without hemodynamic repercussions that can be managed with NOM thanks to the modern tools in bleeding management. As a counterpart, there exists a cohort of patients with hemodynamic instability requiring urgent surgical intervention due to low-grade splenic injuries. In May 2017, during the World Society of Emergency Surgery (WSES) World Congress in Campinas, Brazil, the final version of the WSES guidelines on spleen trauma was approved ( Fig. 1) [5] . The WSES grading system takes into account both the patient's condition and the anatomy of lesions.
The aim of the present study is to evaluate the efficacy and trustfulness of the WSES classification as a tool in decision-making process during spleen trauma management.
Methods
This is an analysis of two prospectively enrolled adult patient cohorts with blunt splenic trauma managed between 2014 and 2016 in two Italian trauma centers (TC) (ASST Papa Giovanni XXIII in Bergamo and Sant'Anna University Hospital in Ferrara) stratified according to the WSES classification. Ethical committee and patients' consent to participate were waived because no personal or sensible data were recorded and no specific intervention was adopted other than the usual clinical practice. Patients' characteristics were collected (age, sex, comorbidity, ASA (American Society of Anesthesiologists) score, antiplatelet or anticoagulant therapy). Trauma mechanism of injury, patient conditions at the arrival in the emergency department (ED) (systolic blood pressure (SBP), heart rate (HR), shock index (SI), need of red blood cell (RBC) transfusion), blood gas test (pH, base excess (BE), lactates (Lac)), blood exams (CBC, platelet count, INR, fibrinogen), and eco-fast results were reported. We defined a patient "hemodynamically unstable" if, after resuscitation in the ED and without vasoactive drugs, he/she had a SBP lower than 90 mmHg, a shock index higher than 1, or a BE lower than − 5.
For patients who underwent CT at the arrival, the AAST classification for the splenic injury, the number of abdominal quadrants with hemoperitoneum, and the presence of vascular lesions (contrast blush (CB), pseudoaneurysm (PSA), arterovenous fistula (AVF)) were reported. For patients who underwent urgent surgical intervention, intraoperative (for splenectomized patients) or postoperative CT findings were registered. The Injury Severity Score (ISS) and the presence of associated abdominal, pelvic, or cerebral lesions were reported. Patients were classified according to the 2017 WSES classification. The management at the arrival (observation, distal angioembolization (AE), proximal AE, splenectomy, intraperitoneal packing, hemostasis of the splenic injury, surgical intervention for other organ lesions), the time between the arrival in the ED and the first urgent intervention, and the need of further intervention during hospital stay (AE or splenectomy) have been recorded.
It was defined OM if the patient underwent urgent surgical intervention at the arrival at the ED and if during the surgical procedure, a splenectomy or a hemostatic splenic technique (e.g., splenic packing or splenorrhaphy) was performed. The NOM could include AE or not. Failure of NOM (fNOM) was defined as the To validate the 2017 WSES classification, the risk factors for OM at the arrival of the patient and for OM as a definitive treatment (including both patients treated with OM at the arrival and patients operated for fNOM) have been analyzed. It was verified if the WSES grade was a risk factor for OM at the arrival and as a definitive treatment for adult patients with blunt splenic trauma. 
Results
The study includes 124 patients older than 17 years with blunt splenic lesion, of whom 66 managed in ASST Papa Giovanni in Bergamo and 58 in Sant'Anna University Hospital in Ferrara. The two groups of patients were similar in terms of epidemiological features, trauma mechanism of injury, ISS, and splenic injury grade. Patient characteristics are reported in Table 1 . NOM rate was 53.2% (66 patients) and OM rate 46.0% (58 patients). Among OM patients, we had 84.5% (49 patients) of patients treated with splenectomy and 15.5% (9 patients) with hepatic and splenic packing (in patients with hepatic lesion associated) and/or splenic hemostasis (Table 2) .
Among NOM patients, 22 underwent AE (17.8% of total patients and 33.3% of NOM patients) at the arrival or during the hospital stay ( Table 2) .
Risk factors for OM at the arrival of patient in the ED, including the WSES splenic injury grade, were analyzed with univariate (Table 3 ) and multivariate (Table 4) analysis.
At the multivariate analysis, the WSES IV splenic injury grade was found as the only one risk factor for OM at the arrival of patients (OR 5.44, p = 0,049) ( Table 4) .
The risk factors for OM as a definitive treatment were analyzed, including both patients treated with OM at the arrival in the ED and patients operated for fNOM. The OM was applied on 53.2% of patients as a definitive treatment.
Risk factors emerging from univariate and multivariate analyses are shown in Tables 5 and 6 .
The WSES grade IV (OR 7.22, p = 0,029) and ISS value higher than 25 (OR 5.75, p = 0,013) were found as the only significant risk factors at the multivariate analysis ( Table 6 ).
The previous analysis showed as OM rate, both at the arrival of patient and as a definitive treatment, increased with the increasing of the WSES splenic injury grade, in particular for the WSES grade IV compared with lower grade (Figs. 2 and 3) .
The present study verified also if the AAST and WSES classifications were predictive for AE at the arrival of patient with splenic injury or during hospital stay. While an AAST grade higher than 3 was not a significant risk factor for AE (AAST > 3 (20.0%) vs AAST ≤ 3 (17.2%), n.s.), a WSES splenic injury grade of III was found as a significant risk factor (WSES 3 (38.9%) vs WSES 1-2-4 (13.9%), p = 0.010).
Discussion
After the introduction of AE and the modern tools in bleeding management, the NOM failure rate decreased from 23-67% to 4-42% [6] [7] [8] [9] [10] and it was no longer associated with the AAST injury grade (i.e., anatomical degree of lesion) [11] . So it has been accepted that the physiopathologic status of the patients, more than the anatomy of the splenic lesions, should lead the therapeutic decision in splenic [8, [12] [13] [14] [15] [16] showed that the vascular lesions (CB, PSA, AVF), which have significant incidence also in low-grade injuries [12, 16] , were predictive factors for NOM failure and that they should be considered indications to AE. Vascular lesions are not considered in the AAST classification. The WSES spleen trauma classification considers both the anatomical injury grade and the clinical conditions of the patients, so it can be considered as a complete tool to lead splenic trauma management, especially if associated to dedicated guidelines. From the analysis emerged, all the factors related to OM and fNOM are those linked to the physiology of the patients and more than the anatomy. AAST classes related to the OM + fNOM mainly for the anatomical basis that represents a proxy even of the physiological conditions. WSES classes consider even the physiology from the beginning, and in fact, the patient stratification is slightly different (Table 5) . Actually, in fact, the possibility to not operate spleen trauma and to manage them with NOM is becoming mandatory in right patients and in all those systems where enough facilities are present. The NOM percentage can furthermore be considered as a proxy of the preparedness of the system to manage with severe trauma with advanced strategies, allowing preserving as many patients as possible from operative procedures. To obtain this result is necessary to set a system where classification and management of traumatized patients are driven by updated patient stratification tool and guidelines. Present classification associated to the last released guidelines might definitively allow for an improvement in spleen injured patient management. As showed in the analysis, in fact, it more strictly adheres to the necessities of the common clinical practice. As a counterpart, however, the variability within the different members even from a single department accounts for the real life data.
Population of the present study represents the typical case mix of two Italian trauma centers. The cases presented in Italy are the most part victim of blunt trauma. In general, few penetrating traumas are treated in Italian hospitals. The NOM rate reported in literature ranged from 60 to 95% [17] [18] [19] [20] and includes both studies conducted in structures with local protocols for splenic trauma management and study conducted in structures in which trauma management was based on the single surgeon experience and common sense. Present study renders the actual situation in management of splenic injury in trauma centers without the application of a shared guideline, and so it gives a good representation of the real situation. The NOM rate is 53.2%, and it can be considered a not-high rate. In fact, even patients with low injury grade were splenectomized. Present data showed, even in this context, as the WSES spleen injury grade IV is a significant risk factor for OM, both at the arrival of the patients and as a definitive treatment. Furthermore, a WSES spleen injury grade III is a risk factor for AE (WSES 3 (38.9%) vs WSES 1-2-4 (13.9%), p = 0.010). WSES grade IV represents the only factor related to the OM as management at the patient admission. In fact, the hemodynamic status is the only determinant of the necessity to proceed to operating room. The anatomical grade of damage is not influent on the emergency management in presence of hemodynamic instability at admission. However, the relative high OM rate, also in lower injury grade (OM rate is 36.2% in WSES I,I, and III injury grade), reflects the need for standardized and widely shared guideline in order to increase conservative management. Even if in presence of such a big variability in patient management, the WSES classification showed to be effective in driving the management. Therefore, the benefits deriving from the use the WSES trauma spleen classification could have their greatest expression if associated with the application of the widely approved WSES spleen trauma guidelines. Their combined large-scale application could realistically increase successful NOM rate and improve the spleen trauma management.
The limitations of this study are that this is an observational study, even if prospective, and that patients did not have isolated spleen injury and so the associated lesions could have partially influenced results; however, as said, it reports the reality in the trauma centers' daily practice. As a counterpart, however, this study stresses the necessity to diffuse and apply a common way to proceed. This will allow to reduce the number of operated patients and to improve the management quality by reducing even the short-and long-term morbi-mortality of unnecessary laparotomies and splenectomies. 
